Blunt ocular trauma results in various types of anterior and posterior segment changes. I -IO The anterior segment of the eye is particularly vulnerable. The iris, filtration angle, lens and zonule are the most affected parts in this segment. Hyphaema and traumatic angle recession are the potential sight-threatening consequences of blunt ocular trauma. 11 -I6 An elevation of intraocular pressure is often seen immediately after blunt ocular trauma. The risk of secondary glaucoma after contusion of the DU$ICA PAHOR eye is IOW. 17 In the posterior segment, blunt ocular trauma may cause damage to the retina (commotio retinae), retinal epithelium (retinal pigment epithelium oedema), choroid (choroid rupture) and optic nerve (optic nerve avulsion) alone or in combination. Traumatic retinal holes, retinal detachment or dialysiS, vitreous haemorrhage and arterial occlusion may also occur after blunt ocular trauma. 18 -2I Retinal opacity is one of the most characteristic lesions ? 2 The major site of injury in commotio retinae seems to be at the level of the photoreceptor outer segment/retinal pigment epithelium junction ? O , 21 , 23 , 24 The degree of sensory retina and pigment epithelium damage caused by the trauma is responsible for the prognosis of traumatic retinopathy ? 3 -28 In one study loss of contrast sensitivity following blunt ocular trauma was found. The more severe the structural abnormalities of the eye, the more marked was the difference in contrast sensitivity between normal and injured eyes. 29 Retinal light sensitivity is an important measurable parameter of visual function. The introduction of automated static perimetry has provided a new approach to the study of retinal function. Neuron loss may be detected at an earlier stage, which was not possible with manual perimetry ? O -33 The presence, nature and the extent of retinal light sensitivity reduction following blunt ocular trauma were examined using automated static perimetry to detect visual field changes in our patients with no evidence of retinal changes.
The aim of the present study was to examine prospectively how retinal light sensitivity is affected by blunt trauma in eyes with traumatic hyphaema. As visual field defects have been demonstrated as early as 1 week after injury, our purpose was to assess any additional changes in retinal sensitivity during a period of 4 months after injury, as well as to determine whether there is a correlation between visual field loss and age of the patient, extent of hyphaema or extent of traumatic angle recession.
Methods
Sixteen eyes of 16 patients (all male) with traumatic hyphaema following contusional eye injury of sufficient severity to necessitate hospital admission were included in our study during a period of 1 year. Patients with the following criteria were excluded from the study: no complete resorption of hyphaema within 1 week after injury, secondary haemorrhage-rebleeding, vitreous haemorrhage, various lesions in the posterior pole and periphery of the fundus, visual acuity less than 0.7. Patients who had diseases known to affect the visual field, including aphakia, cataract, glaucoma or any other diseases affecting the optic nerve or macula, were also excluded. The exclusion criteria also included a history of head trauma to exclude possible occipital lobe damage and the influence of this on the visual field. All patients included in the study had suffered only blunt ocular trauma. The most frequent causes were contusion with a ball (4 of 16 patients, 25%), snowball (2 of 16, 12.5%), stone (2 of 16, 12.5%) or a piece of wood (2 of 16, 12.5%).
The patients underwent a complete ophthalmological examination, including visual acuity, slit-lamp examination, tonometry and ophthalmoscopy. Visual acuity was 0.7 or better in all patients. Except for signs of traumatic hyphaema, which resolved in a few days, and traumatic angle recession, the ophthalmological examination was normal in all patients. Hyphaema and traumatic angle recession were determined by slit-lamp biomicroscopy and gonioscopy.
Automated visual field charting using threshold programme C 30-2 of the Humphrey field analyser was performed 1 week after injury on all these patients as soon as the hyphaema was completely resolved and visual acuity recovered to 0.7 or more. Visual field testing was performed in the fellow eye too for a control comparison of the learning curve. Visual acuity in these non-traumatised eyes was 0.8-1.0. The results with poor reliability as determined by fixation loss, and false positive and false-negative findings, were excluded from the statistical analysis. The Humphrey ST ATP AC analytical program was used to quantitatively evaluate each visual field. This program uses several global indices to compare the patient's visual sensitivity with the age-corrected sensitivity of 76 points in a 30° field. For this study two of the global indices -mean deviation (MD) and corrected pattern standard deviation (CPSD) -were used. MD is the average deviation or depression of the patient's overall field compared with the normal age corrected reference field. A negative MD value indicates that sensitivity is depressed. CPSD is a measure of the degree to which the shape of the patient's hill of vision deviated from the normal age-corrected reference field after correction for the patient's intratest variability in response. Fixation was continually checked on the fixation monitor supplied on the Humphrey field analyser, which displays the eye on a video screen during perimetry. One month and 4 months after blunt ocular trauma the patients underwent the same procedure.
Results
The average age of our patients was 32.2 years (± 18.4; min. 10.0, max. 71). The average time of follow-up was 4.2 months (min. 4, max. 6).
Mild hyphaema (1-2 mm) was present in 5 eyes (31%) and moderate hyphaema (2 mm to half the anterior chamber) in 11 eyes (69%). Severe hyphaema (more than half the anterior chamber) was not observed in our patients.
Traumatic angle recession up to one quadrant was present in 5 eyes (31%), up to two quadrants in 5 eyes (31 %), up to three quadrants in 1 eye (6%) and up to four quadrants in 2 eyes (12%). Three eyes (19%) were without any anterior angle changes although they had mild hyphaema.
Traumatic posterior segment changes 1 week after injury at the time of visual field examination were not observed.
One week after injury obvious areas of reduced sensitivity in 8 of 16 eyes (50%) were found. The MD of these 8 eyes had p values of less than 5%. In another 2 eyes (12%) the MD p values were equal to or greater than 10%. The average MD value was -3.4 db (± 1.6; min. -0.4, max. -6.7) (Fig. 1) . In 3 eyes (19%) CPSD P values of less than 10% were found. CPSD p values were greater than 10% in 13 eyes (81%). The average CPSD value was 1.3 db (± 1.3; min. 0, max. 4.3).
One month after injury the MD p values were less than 5% in only 2 eyes (12%). The average MD value was -2.1 db (± 1.8; min. 0.7, max. -7.3) (Fig. 2) . The improvement in MD values was significant (p < 0.001). The CPSD p values were less than 10% in 2 eyes (12%). The improvement was not significant (p > 0.05).
Four months after injury only in 1 eye (6%) was a MD p value less than 5% found. The average MD value was -1.6 db (± 1.4; min. 0, max. -4.9) (Fig. 3) . The improvement in MD value from 1 month after injury to 4 months after injury was statistically significant (p < 0.05).
When we compared the MD value at 1 week after injury with the MD value 4 months after injury the improvement was much more significant (p < 0.00004) ( Table 1) . CPSD P values of less than 10% were found in 3 eyes (19%). The improvement was not significant (p > 0.05).
Retinal sensitivities of the fellow eyes were normal in all patients. The average MD value was -1.36 db (± 0.80; min. -2.66, max. +0.02). A MD P value less than 5% was not found. The average CPSD value was 0.97 db (± 0.82; min. 0.0, max. 2.27). A CPSD P value less than 10% was also not found.
The degree of retinal light sensitivity reduction expressed in decibels at 1 week, 1 month and 4 months after blunt ocular trauma and the retinal sensitivity of the fellow eyes are presented in Table 2 .
The relationships between each of the indices of visual field sensitivity (MD, CPSD) and age, extent of traumatic hyphaema and extent of traumatic angle recession were also evaluated because these factors were believed to be Many studies have demonstrated anterior and posterior segment abnormalities following blunt ocular trauma. 1 -10 The injured eye must be examined very carefully, both the anterior and posterior segments. Biomicroscopy and gonioscopy are the most important methods for anterior segment examination. In the current study, a significant reduction in overall sensitivity in the visual field was noted in eyes with traumatic hyphaema following blunt ocular trauma without evident posterior segment abnormalities. Visual field defects were noted in 50% (8 of 16) of the injured eyes 1 week after trauma with complete resorption of hyphaema. The current results indicate that there is a significant reduction in sensitivity in the visual field in eyes with traumatic anterior segment consequences. Goldmann perimetry. The mean deviation (MD) examines the average difference across all points in the visual field and is therefore most sensitive for detecting visual field defects ? O -33 No correlation between age, extent of hyphaema or the extent of angle recession and visual field defects was evident in our patients. We expected extensive visual field loss in eyes with severe traumatic anterior segment abnormalities such as more pronounced hyphaema or angle recession. Our results did not confirm these expectations.
The results of this study further suggest that in the course of time the magnitude of the sensitivity reduction will diminish. One month after injury a significant reduction in retinal light sensitivity was observed in only 12% (2 of 16) and after 4 months in only 6% (1 of 16) of the injured eyes. Most of the injured eyes had normal retinal sensitivity 4 months after blunt ocular trauma. We hypothesise that visual field defects may be primarily the result of traumatic vascular compromise, which is a transitional state. The pathogenesis of commotio retinae in animal models included extracellular oedema and photoreceptor outer segment disruption. In the human eye with clinically observed commotio retinae photoreceptor outer segment disruption and damage to the retinal pigment epithelium were revealed, z°·21 Damage to the choriocapillaris occurred at an early stage after trauma ? 5 In severe cases, delayed filling of the choroidal arteries and changes in the choroidal vasculature occurred together with impairment of the choriocapillaris; therefore severe traumatic choroid involvement can cause intense ischaemic changes in the outer retinal layer ? 5 In our patients no retinal oedema was observed. Thus traumatic visual field loss in eyes without evident posterior segment abnormalities could be primarily the result of a temporary effect on the retinal circulation. It remains unclear whether the visual field loss in traumatic eyes represents a stage of localised regions of defective capillary circulation which recover over time. Visual field defects were not permanent and after 4 months had practically disappeared. Unfortunately fluorescein or indocyanine green angiography was not performed in our patients immediately after injury to confirm our conclusions. To our knowledge, this study is the first to separately assess and compare retinal sensitivity over time using static perimetry in eyes following blunt ocular trauma. A further prospective study with a larger number of patients with retinal angiography is necessary to confirm our results. In conclusion, in 50% of eyes following blunt ocular trauma without evident traumatic posterior segment abnormalities a significant transient reduction in retinal light sensitivity was observed with nearly complete recovery over time.
